Currently, the world is facing an immense threat from pollution and global warming. Fossil fuels are limited, and they are considered as non-renewable source of energy. Crude oil reserves are consumed at large scale with respective passing year. If the consumption rate is increased, it may cause ruination and irreplaceable damage to the environment. It now poses a great threat to mankind and to our planet earth. Renewable source of energy is revolutionary in this modern era. Biofuels are one of the most promising alternatives to conventional sources of fuel. Biodiesel is an eco-friendly, non-toxic green fuel that reduces the use of fossil fuel and helps combat climate change. Biodiesel can be produced through transesterification of waste animal fats into fatty acid methyl esters. India is the second largest producer of goat-based meat in the world. Currently, there is so much of waste fat being generated from meat processing plants and dumped in open grounds. It is hazardous waste and causes environmental pollution. The process of converting waste fat to biodiesel will reduce the dumping of waste fat. It can act as a major technique in fighting menace of pollution and helps in better waste management.
Introduction
In today's era, fossil fuel has become like international money for energy and products such as coal, petroleum-based fuels like diesel and petrol. It has considerable threat to the environment. In major cities, health damage and pollution, leads to interest for alternative fuel. In India, the registered motor vehicles were 21 crores as on 2015. According to World health organization (WHO), Kanpur is ranked first while Delhi is sixth most polluted city in the world. The fast consumption and limited amount of fossil fuel has led to search for new alternatives to replaces present fossil fuel. This has directed the discovery of newer alternatives such as renewable energy. It includes as solar, wind, biomethane, biodiesel etc. [1, 2] . Solar energy and wind energy are dependent on weather condition such as clear sky and wind speed. Similarly, there are various problems associated with biofuels such as biomethane and bioethanol. Biomethane cannot be stored for prolong use as compressed methane makes it risky. Bioethanol is incompatible to work with most engines and it works with blended fuel. Also, ethanol is corrosive in nature and it damages metal parts in the engine even after addition of additive to reduce its corrosive effect. Biodiesel, green fuel for conventional diesel that has received great attention internationally. It reduces the dependence on petroleum fuel. In recent times, it has helped combat the energy crisis, global climate changes, and environmental pollution [3] . Biodiesel works without any modification to engine [1, 4] . Biodiesel is produced through the process called transesterification [5] . The reaction occurs between alcohol (methanol) with triglycerides resulting in fatty acid methyl esters and glycerol in presence of a suitable catalyst [3, 6] . The raw material requires for the process are mostly fat content and includes vegetable oil, waste cooking oil also and waste animal waste.
Feedstock for Biodiesel
Lipid feedstock for the reaction can originate either from animal or vegetable source. It must contain TGAs (triglycerides) and are transformed into fatty acid methyl esters through transesterification [5] . The various feedstock includes edible oil (palm, coconut, sunflower, soybean etc.) non-edible oil (castor, neem oil, jatropha oil, pongamia oil etc.), waste animal fat and oleaginous microorganism [5, 7] . The raw material is an important cost factor for biodiesel production, 70% of the production cost includes if it is produced form vegetable oils. The efforts are increasing towards utilization of waste fat [8, 9] . Waste animal fat is resultant of meat processing and presently available in greater abundance than waste cooking oil for biodiesel. A large slaughter house can generate 6-7 tonnes/day of waste. This waste is no longer suitable for human consumption, but it can sometimes be used as a fodder feed for animals at a low cost [10] . Waste animal fat does not compete with food security, good alternative torecycle these wastes and offer economic as well as environmental advantages. Now researchers are carrying experiments with distinct animal fats with wastes fat from chicken, mutton, pork tallow, duck tallow, pork skin, and pork lard. [11] .
Livestock in India
Livestock are domesticated animals and used for production of egg, meat, milk, leather and wool. India is exporting about 1.4 million tonnes of meat all over the world, which provided revenue of 1.511 billion USD. According to Livestock census 2012, India has massive resources of livestock and includes 135.1 million goat, 729.2 million poultry, 65.1 million sheep, 108.7 million buffalo and 190.9 million cattle. India has ranked first in buffalo and second rank in goat production. The annual manufacturing of buffalo meat on its own in amounts to about 30% of whole meat production. Since India is the second greatest exporter of meat product in the world. According to annual report of 2017-2018, Department of animal husbandry, dairying and fisheries, Ministry of agriculture and farmer welfare, Government of India, meat production was 7.40 million tones. It also means there is an increase in solid waste generated from slaughterhouses each year. In India, 7,00,000 tonnes of chicken fat are consumed per year and it generates 77,000 tonnes chicken fat are discarded as well as it creates public nuisance. For which, current disposal systems are not competent to handle. There is an ever-increasing burden of waste disposal. This poses a major threatens to environment as well as the growth of the nations. So, there is a strategic advantage for the production of biodiesel from waste animal fat in India.
Mutton Fat and Its Fatty Acid Component
Animal fat sources include tallow, lard, poultry fat and fish oil [12] . The waste generated during their processing can be used for biodiesel production [11] . Animal waste fats are solid, highly viscous at ambient temperature due to higher proportion of saturated fatty acid and it *Corresponding Author:kgaurav1@ggn.amity.edu (Kumar Gaurav) https://doi.org/10.30799/jespr.168.19050204
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provides better oxidative stability to biodiesel [13, 14] but requires complicated technique for biodiesel production. Tallow is derived either from mutton or beef. The mutton fat is composed of 68.05% saturated fatty acid and 31.95% unsaturated fatty acids [15] . The fatty acid composition of mutton; 27% palmitic acid, 24.1% stearic acid, 3% myristic acid, 0.2% lauric acid, 40.7% oleic acid, 2% palmitoleic acid and 2% linoleic acid.
Slaughterhouses Waste
Meat processing industries produces large amount of slaughterhouse waste. These wastes contain large number of organics, nutrients and are reservoir for bacterial, viral and parasitic infection. So, there is significant treatment is required for safe discharge to environment. The method for safe disposal of slaughterhouse waste includes composting, anaerobic digestion and alkaline hydrolysis. Composting is inexpensive, acceptable and aerobic process in which, waste can be degraded by microorganism [16] . In this process, some additional treatment is required to kill or inactive the pathogens in end products. Alkaline hydrolysis process catalyzes the hydrolysis of biomolecules (proteins, carbohydrate, fat and nucleic acid) in presence of sodium or potassium hydroxide [17] . To accelerate the hydrolysis and inactivate the pathogens, reactions are carried out at high temperature (100 °C) and pressure (120 kPa) [18] . In an anaerobic digestion process, organic wastes are decomposing into sludge and biomethane in absence of oxygen [19, 20] . Complex organic wastes are degraded to produce methane and carbon dioxide via hydrolysis, hydrolysis, acidogenesis, acetogenesis, and methanogenesis. Slaughterhouse wastes have animal byproducts and its value increased after conversion.
Biodiesel
The fossil fuel is limited and non-renewable source of energy [21] . Human kinds awareness towards the risk of using fossil fuel and global effort has drawn a combined attention to reduce carbon emission as well as need to search for alternative source of fuel to decreases dependence on fossil fuels. Biodiesel is considered as renewable source of energy, biodegradable, eco-friendly, non-toxic, renewable alternative of fuel to [22, 23] . It reduces greenhouse gas emission and helps in balancing the carbon cycle. Biodiesel and its blends are used as fuel in cars, it is reported that there is a noteworthy reduction in CO emissions in comparison to pure diesel. This happens because of the availability of more oxygen content in biodiesel than diesel fuel that provided additional complete combustion. There are various parameters of biodiesel which are mandatory for a good fuel property. The most common parameters are density, viscosity, flashpoint, fire point, acid value, iodine Value, cloud point, calorific value, cetane number etc. and these parameters must be satisfied by ASTM (American Society for Testing Materials) [24, 25] . Cetane number is important fuel property for petroleum diesel. Biodiesel production from waste animal fat have high cetane number and it reduces NOx emission due to lowering the temperature of combustion process [26] . Commercially, transesterification is most common method for production of biodiesel [22, 24] . The reaction occurs between triglycerides and methanol in presence of suitable catalyst. Alkali-catalyzed transesterification is more preferable method over enzyme and acidcatalyzed reaction. The reaction results in methyl esters (biodiesel) and glycerol (byproduct). The free fatty acid (FFA) content of waste animal fat is generally between 5% -25% [27] . High content of FFA; makes it unfeasible for transesterification, soap formation, reduces the yield of biodiesel and increases the production cost [28, 29] . The FFA content should be less than 1% before alkali-catalyzed reaction [30] . Waste animal fat undergo to pretreatment process to reduce FFA content with esterification using sulfuric acid. The acid catalysts are quite effective for converting FFA to ester. After lowering the FFA with acid pretreatment, the reaction is followed by transesterification to produce fatty acid methyl ester (biodiesel).
Methodology for Biodiesel Production from Mutton Waste Fat
Waste animal fat have high viscosity, poor volatility and low fluidity so, it restricts the direct use in diesel engine. These feedstocks have high free fatty acid content (FFA) and moisture content and it limits the production of biodiesel from animal waste. The moisture content can be removed by heating waste animal fat at 100-110 °C. The FFA content and acid value should be less than 1% [31] and 2 mg (KOH) per g (fat) respectively, before alkali-catalyzed transesterification because, high FFA content feedstock react with alkali to form soap. In single-step transesterification (alkalicatalyzed) gives the less yield of biodiesel than single-step acid esterification, due to soap formation in alkali process [32] . For biodiesel production, two-step process, acid-catalyzed esterification (pretreatment of feedstock) and alkali-catalyzed transesterification process is used.
Extraction of Oil from Waste Fat
There are different methods for extraction of oil form waste fat viz. heating, solvent extraction and supercritical carbon dioxide method. Heating or melting is the cheapest method for it. Waste animal fat was melted at 100-110 °C under reduced pressure to avoid any degradation. Oil can be separated by centrifugation or filtration to remove suspended, waxy and colloidal matters [32] . Cleared liquid can be used for biodiesel synthesis. The moisture content was also removed (about 70%) while heating at 100 °C. Oil can be also extracted by supercritical carbon dioxide method from animal waste. Taher et al. [33] studied the extraction of oil from meat at optimum condition of temperature (45 °C), pressure (500 bar), flow rate of carbon dioxide (3 mLmin -1 ) with 87.4% yield.
Two-Step Conversion of Waste Animal Fat to Biodiesel
Waste animal fat usually contains high portion of FFA content. The FFA content can be reduced by acid-catalyzed esterification prior to basecatalyzed transesterification process [34] . The FFA content can be lowered by methanol in presence of homogeneous acid (sulfuric, hydrochloric acid) catalyst. Sulfuric acid shows most promising result in esterification process. Extracted oil was heated in the reactor at 60 °C. At this moment, mixture of acid catalyst (H2SO4) and alcohol (methanol) was added and stirred vigorously. After the reaction time completed, the mixture was placed in a separating funnel and allowed to stand overnight. Two phases were identified; upper phase consisted of catalyst, H2O, methanol, impurities and bottom phase, consisted of esterified fatty acid and fat [35] . After the phase (lower) separation, esterified product was transesterified with homogenous base catalyst (NaOH/ KOH). The suitable amount of catalyst and methanol was added to weighed esterified fat and the reaction was incubated at 60 °C with vigorous stirring. After the completion of reaction, the mixture was placed in separating funnel, glycerol and biodiesel phase was separated. Biodiesel was washed with distilled water to remove catalyst.
Factors Affecting Esterification and Transesterification
The feedstock having high FFA content, biodiesel cannot be directly produced via base-catalyzed transesterification. The alternative method for this is acid-catalyzed esterification. Acid-catalyzed esterification is slow (long reaction time i.e. 48 h) and required high amount of catalyst and methanol. The conversion rate increases with increase in reaction time [34] and the yield of biodiesel increases with time [32] . The optimum reaction time for mutton fat (2.5 g catalyst at 60 °C) and chicken fat (1.25 g catalyst at 50 °C) was 24 h [32] . High amount of catalyst is required for feedstock with high FFA. As increase in the amount of acid catalyst (3-9 wt% H2SO4), the concentration methyl ester also increases. Kusdiana and Saka [36] studied that methyl ester content can be achieved upto 70% in feedstock with high FFA (10%) in presence of 3 wt% H2SO4 with 48 h reaction time. Transesterification reaction is reversible process; the simplest way to change it to irreversible is to use the alcohol at high concentration. Methanol:oil ratio is the main factor that influences the esterification process, as the ratio increases (6:1 to 18:1), methyl ester content is also increases. The optimum methanol to oil ratio for acid transesterification of mutton fat was 30:1 [32] . Bhatti et al. [32] studied the effect of temperature on acid-transesterification of mutton and chicken fat (5 g) in presence of sulfuric acid (1.25-5.0 g) at temperature (30-60 °C). The maximum yield of biodiesel was 99.01% at 50 °C in chicken fat, while in mutton fat the yield was 93.21% at 60 °C. The optimum temperature for mutton fat was more than chicken fat, this is due to difference in fatty acid composition. Mutton fat has high saturated fatty acid as compared to chicken fat, so it requires high reaction temperature to achieve maximum yield.
Conclusion
Waste Mutton fat is causing a serious threat to the health of people and environment. But its cheap availability and low-cost processing in biodiesel production makes it an attractive feedstock for the same. Mutton fat-based biodiesel is known to produce lesser NOx emission than vegetable oil-based biodiesel and have high Cetane number, which is an important parameter for diesel fuels. The present review gives an insight into the biodiesel production from waste mutton fat in light of the availability of livestock for biodiesel production and its comparison with conventional feedstocks.
